The correlation between tubocurarine requirements and the electrophoretic serum protein pattern was investigated in 52 adult patients undergoing upper abdominal surgery under nitrous oxide and oxygen anaesthesia. There was a positive correlation between the tubocurarine requirements (mg/kg) and the serum level of gamma globulin; r= +0.604, which is highly significant (P<0.001). This correlation is attributed to the ability of gamma globulin to bind tubocurarine. The plasma gamma globulin level appears to be one of the factors which might determine tubocurarine requirements.
Increased tubocurarine requirements have been reported in patients with liver dysfunction by Dundee and Gray (1953) , and in patients with bilharzial cirrhosis of the liver by El-Hakim and Baraka (1963) . Both conditions are characterized by abnormal blood proteins.
The purpose of the present investigation is to correlate the tubocurarine requirements in anaesthetized humans with the electrophoretic plasma protein pattern.
METHOD
Fifty-two adult patients of both sexes, undergoing mainly upper abdominal surgery, were investigated. Their ages ranged from 21 to 77 years and their weights from 49 to 90 kg. Dundet (1954) showed that in adults there was no relationship between tubocurarine requirements and body weight. In view of this finding, obese patients were not included in the present investigation in order to ensure that body weight can represent the lean body mass.
Anaesthesia.
Premedication consisted of pethidine 100 mg and atropine 0.6 mg injected intramuscularly 1 hour before anaesthesia. Sleep was induced with thiopentone 2.5 per cent (250-350 mg); this was followed by suxamethonium to facilitate tracheal intubation. Anaesthesia was maintained by nitrous oxide and oxygen in a proportion of 3:1. Patients were subjected to hyperventilation throughout the procedure using a Boyle Mark III soda-lime absorber and a minute volume of 15-20 l./min as checked by the Wright anemometer.
Tubocurarine requirements.
At the first signs of recovery from suxamethonium, tubocurarine 15 mg was injected intravenously. Incremental doses of 5 mg were then injected as required to maintain adequate muscular relaxation and controlled hyperventilation. The total requirements in the first 1£ hours were recorded and the dose calculated as milligrams per kilogram body weight.
The tubocurarine requirements (mg/kg) were correlated with the serum protein fractions as estimated by electrophoresis.
Blood protein estimation.
Venous blood was collected soon after induction or anaesthesia and serum proteins estimated as follows:
(1) Total serum protein. This was determined by the conventional Biuret technique and the optical densities were measured on a Coleman Junior spectrophotometer model 6A at 540 m\>. wavelength (Wolfson et al., 1948) .
(2) Electrophoretic patterns. The different protein fractions were separated by zone electrophoresis. A cellulose acetate membrane was used as a support medium in a microzone cell (Beckman model R101), with barbitone buffer solution of pH 8.6 and 0.075 ionic strength, and powered by the standard Duostat.
(3) Scanning. The results were scanned with a Beckman Analytrol model RB equipped with model R102 microzone scanning attachment.
RESULTS
The dose of tubocurarine required in the first li hours, and the electrophoretic serum protein patterns are shown in table I. The mg/kg dose requirements were then calculated and correlated with the level of each serum protein.
Albumin.
The correlation between tubocurarine requirements and the level of serum albumin is shown in figure 1 . The Pearson product-moment correlation coefficient (r) is +0.293 (P=0.05). 
Alpha t globulin.
The correlation between the tubocurarine requirements and the level of serum alpha 1 globulin is shown in figure 2 . The Pearson productmoment correlation coefficient (r) is -0.203
Alpha? globulin.
The correlation between the tubocurarine requirements and the level of serum alpha 2 globulin is shown in figure 3 . The Pearson productmoment correlation coefficient (r) is +0.21
Beta globulin.
The correlation between the tubocurarine requirements and the level of serum beta globulin is shown in figure 4 . The Pearson productmoment correlation cce Indent (r) is +0.096
Gamma globulin.
The correlation between the tubocurarine requirements and the level of serum gamma globulin is shown in figure 5 . There is a positive correlation between the two values. The Pearson product-moment correlation coefficient (r) is + 0.604, which is highly significant (P<0.001). As summarized in table II, there is no significant correlation between tubocurarine requirements and the serum levels of albumin, alpha! globulin, alpha 2 globulin or beta globulin. On the other hand, there is a positive correlation which is highly significant between tubocurarine requirements and the level of gamma globulin.
DISCUSSION
This investigation shows there is a positive correlation between the plasma level of gamma globulin and the tubocurarine requirements in adult patients anaesthetized with nitrous oxide and oxygen. Patients who required higher doses of tubocurarine to achieve satisfactory operating conditions, under circumstances which were otherwise similar to controls, had high gamma globulin levels in the plasma.
An association between these two findings is also observed in cases of liver dysfunction. ElHakim and Baraka (1963) have reported an increased resistance to tubocurarine in patients with bilharzial cirrhosis of liver which are characterized by high plasma gamma globulin. Dundee and Gray (1953) also observed such resistance in patients with liver dysfunction; they attributed this response to a possible diminution of the true cholinesterase. However, although the plasma cholinesterase activity is decreased early in liver disease, the true cholinesterase activity has been found unchanged, even in the terminal stages of cirrhosis (Foldes, 1959) . When liver cells are damaged, though the plasma albumin falls, the gamma globulin frequently rises as a result of the retidulo-endothelial system activity.
It would seem that binding to gamma globulin and consequent fixation in the plasma is, at least, a tenable theory and to the authors seems a probable explanation. Direct evidence of the binding of tubocurarine to gamma globulin has been shown by Aladjemoff, Dikstein and Shafrir (1958) . According to Goldstein (1949) , a bound drug will be confined within the blood stream in an inactive form. In patients having low gamma globulin, binding might be minimal and the tubocurarine molecules can readily diffuse from the capillaries and occupy the endplate cholinergic receptors, producing neuromuscular block. On the other hand, in patients with high gamma globulin, a larger proportion of the drug might be bound to protein; this will hinder its extxavascular diffusion and its access to the end-plate.
From these data, we conclude that the plasma globulin level is one of the factors which might determine tubocurarine requirements in anaesthetized humans.
RELATION ENTRE LES BESOINS DE TUBOCURARINE ET LES PROTEIN ES DU PLASMA

SOMMAIRE
La relation entre les besoins de tubocurarine et Ie patron dlectrophoritique dts proteines sdriques a etê tudiee chez 52 patients adultes, subissant une intervention chirurgicale de la panic supirieure de l'abdomen, sous anesthesie au protoxyde d'azote et oxygene. II y eut une relation positive entre les besoins de tubocurarine (mg/kg) et le taux serique de la gammaglobuline serique; r=+0,604, ce qui est fortement significatif (P<0,001). Cette relation est attribuee a la capacity de la gammaglobuline de lier la tubocurarine. Le taux plasma tique de la gammaglobuline parait etre un des facteurs diterminant les besoins de tubocurarine.
BEZIEHUNG ZWISCHEN TUBOCURARIN-BEDARF UND PLASMAPROTEIN-ZUSAMMENSETZUNG
ZUSAMMENFASSUNG
Bei 52 erwachsenen Patienten, die unter LachgasSauerstoff-Narkose im Oberbauch operiert wurden, wurde die Beziehung zwischen Tubocurarinbedarf und dem Elektrophoresctyp der Serumproteine untersucht. Es wurde eine positive Korrelation zwischen dem Tubocurarinbedarf (mg/kg) und der Konzentration der y-Globuline im Serum festegestellt: r=+0,604, was hoch signifikant ist (P<0,001). Diese Korrelation wird der Ffihigkeit der y-Globuline zugeschrieben, Tubocurarin zu binden. Die -y-Globulinekonzentration im Plasma scheint einer der Faktoren zu sein, der den Bedarf an Tubocurarin bestimmen diirfte.
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